Sperm cells have the ability of precise chemotactic and thermotactic movement which is crucial 16 for fertilization, yet the key molecules involved in the detection of different chemical and physical 17 stimuli and guide the sperm cells for proper navigation are not known. This aspect is more complex 18 as each species have their own reproductive identity. Never-the-less, Ca 2+ -signaling and thus a 19 series of Ca 2+ -channels seem to coordinate in order to regulate different functions mediated by 20 sperm cells. However, such aspects are controlled by different Ca 2+ channels and have species-21 specific differences. In this work we explored if TRPV channels are endogenously expressed in 22 the mature spermatozoa obtained from avian species. We have used the sperm cells of white pekin 23 duck (Anas platyrhynchos) as a representative avian species to explore the endogenous expression 24 and localization of different TRPV channels. Western blot analysis (WB), flow cytometry, 25 confocal imaging and super resolution imaging was performed for the characterization. Our results 26 strongly suggest the expression and distinct localization of different TRPV channels in the sperm 27 cells. All these TRPV channels are mainly absent in the head region. Only TRPV3 and TRPV4 are 28 sparsely present in the neck region enriched with mitochondria. All these channels (TRPV1-6) are 29 present in the tail region. The differential localization of TRPVs in duck sperm indicate their 30 respective functions relevant in fertilization process of avian sperm. These findings may also have 31 commercial importance in poultry production, cryopreservation of sperm as well as conservation 32 of endangered species through artificial insemination.
analyzed with the Zeiss LSM image examiner software as described previously [16] . To detect the endogenous expression of TRPV channels in duck sperm, we performed 215 western blotting analysis using duck sperm extract. Wherever possible, we have used antigenic 216 peptide for the antibodies used to show their specificity for the TRPV channel being investigated.
217
In other cases, we have used two antibodies to detect the same channel, to establish the presence 218 of these channels at the protein level in duck sperm. Using an antibody, directed against the C-219 terminus of TRPV1 (Alomone Labs), we detected a ~95kDa band and most of the signal was 220 blocked upon pre-incubating the antibody with its antigenic peptide, confirming specificity of the 221 antibody used (Fig. 1A) . Western blot analysis (using Ab1, that detects TRPV2 C-terminus,
222
Alomone Labs) revealed a ~86kDa band for TRPV2 and majority of the signal was blocked upon 223 pre-incubating the antibody with its antigenic peptide, confirming specificity of the antibody used 224 ( Fig. 1B) . Two prominent bands at ~75kDa and ~65kDa for TRPV3 were detected by western blot 225 analysis (using two different antibodies raised against the C-terminus of TRPV3 (Ab1: Alomone 226 Labs) and another antibody against N-terminus: Ab3 from Sigma Aldrich) (Fig. 1C) . The presence against N-terminus (Ab3 from Sigma Aldrich) ( Fig. 1D) . Western blot analysis using two different 235 antibodies raised against the C-terminus of TRPV5 (Ab1: Alomone Labs and Ab2: Sigma-Aldrich) 236 revealed a prominent band at ~85kDa and a faint band at ~100kDa ( Fig. 1E) . Western blot analysis 237 (using Ab1: against the C-terminus of TRPV6, Alomone Labs) revealed a prominent band at 238 ~85kDa and that could be blocked by its antigenic peptide ( Fig. 1F) . This indicated that these 239 TRPV channels are endogenously expressed in mature sperm of duck.
240
Notably, the difference in band size and predicted molecular weight of the TRPV channels 241 could arise from species or individual specific differences, post-translational modifications, partial 242 degradation of the proteins or presence of splice variants [28] . However, we have consistently 243 obtained prominent bands near the predicted molecular weight for all channels tested. We cannot 244 rule out the possibility of some extent of non-specific binding associated with these antibodies, 245 which make it challenging to solely rely on western blotting. We have therefore characterized 246 TRPV channel expression by flow cytometry and imaging, using at least two different antibodies,
247
to gain more confidence on endogenous expression patterns. 
252
Western blot analysis with antibody that detects TRPV2 (raised against the C-terminus, Alomone Labs). C. Two 253 different antibodies detecting TRPV3 [raised against the C-terminus, (Ab1: Alomone Labs) and N-terminus (Ab3:
254
Sigma Aldrich)] detect similar expression pattern of TRPV3. D. Two different antibodies raised against the TRPV4
255
[raised against C-terminus, Ab1: Alomone Labs) and N-terminus (Ab3: Sigma Aldrich)] detect TRPV4 at the expected 256 size. E. Two different antibodies raised against the C-terminus of TRPV5 (Ab1: Alomone Labs and Ab2: Sigma-
257
Aldrich) detects TRPV5 at expected size. F. A specific antibody raised against the C-terminus of TRPV6 (Ab-1:
258
Alomone Labs) detects TRPV6 in absence but not in presence of its blocking peptide. are positive for TRPV4 (Fig. 2) . The mean fluorescence intensity (MFI) values also show nearly 271 4-fold increase for TRPV1, 7-fold increase for TRPV3 and increase of approximately 8-fold for 272 TRPV4 in comparison to unstained controls (Fig. 2) . The MFI values are indicative of the 273 expression level of TRPV channels being probed in duck sperm. To further elucidate the localization of TRPV channels in duck sperm, we have performed 285 immunofluorescence microscopy using two different antibodies for each channel. In each of the 286 figures ( Fig. 3-8) we have used two different antibodies to confirm whether they reveal similar 287 expression patterns. In the upper panels in these images, we have used DIC imaging to visualize sperm. However, TRPV1 density was highest at the head (Fig. 3A, B, D) . Interestingly, TRPV1 is 294 exclusively absent in the mitochondrial region (neck region) of sperm (indicated by white arrows).
295
SIM-based super resolution imaging (using Ab1) revealed a punctate distribution of TRPV1 296 throughout the sperm (Fig. 3C) . Using two different antibodies raised against the C-terminus of TRPV2 (Ab1 and Ab2) we 308 found that TRPV2 is primarily present at the tail of duck sperm (Fig. 4A, B, D) . Confocal imaging 309 of MitoTracker red labelled duck sperm confirm the specific absence of TRPV2 in the 310 mitochondrial region (neck region) (Fig. 4A) . 
320
Confocal microscopy using two different TRPV3 antibodies (Ab1 and Ab2) we found that 321 TRPV3 is primarily present at the head and tail of duck sperm (Fig. 5A, B, D) , while very low 322 levels of TRPV3 is present at the mitochondrial region (neck region) (Fig. 5A) . SIM-based super 323 resolution imaging (using Ab1) revealed a more prominent punctate distribution of TRPV3 at the 324 tail of sperm (Fig. 5C) . 
333
Confocal microscopy using two different antibodies against the C-terminus of TRPV4 we 334 found that TRPV4 is very scarce in the head, prominent at the mitochondrial region (seen by its 335 colocalization with MitoTracker Red, indicated by white arrows) and at the tail of duck sperm 336 ( Fig. 6A, B, D) . SIM-based super resolution imaging (using Ab1) revealed punctate distribution 337 of TRPV4 throughout the sperm (Fig. 6C) . Confocal microscopy using two different antibodies against the C-terminus of TRPV5 we 347 found that TRPV5 is exclusively present at the tail (indicated by white arrows), with highest 348 density immediately after the mitochondrial region and intensity gradually decreasing towards the 349 tapering end of the tail (Fig. 7A, B, D) . TRPV5 is absent at the head and neck region. SIM-based 350 super resolution imaging (using Ab1) revealed punctate distribution of TRPV5 at the tail of sperm 351 (Fig. 7C) . 
358
(green) in the neck region. The head (blue) and arrows mark the start and end point of mitochondrial region.
360
We detected the presence of TRPV6 throughout the sperm using confocal microscopy via 361 two different antibodies against the C-terminus of TRPV6 (Ab1 and Ab2) ( Fig. 8A, B, D) . SIM-362 based super resolution imaging (using Ab1) revealed punctate distribution of TRPV6 throughout 363 the sperm (Fig. 8C) . Taken together, our results confirm the endogenous expression and 364 differential localization of TRPVs in duck sperm. Recently, TRPV4 has been confirmed as a temperature-sensitive ion channel of human sperm, and 420 TRPV4 activation has been demonstrated to trigger the initial membrane depolarization in sperm,
421
facilitating CatSper and Hv1 activation and, subsequently resulting in sperm hyperactivation, a 422 phenomenon essential for sperm-egg fusion [23] . Based on these rent work, it is possible that in 423 duck too, TRPV4 can regulate critical aspects of sperm physiology and can have a major impact 424 on fertility in duck.
425
TRPV5 and TRPV6 channels are not thermosensitive, but are highly Ca 2+ selective ion 426 channels. So far TRPV5 hasn't been reported in the sperm of any other species, except rat. In rat,
427
TRPV5 express in the spermatogenic cells and in spermatozoa [35] . In this work, we report that 428 TRPV5 has the highest intensity among all TRPV channels. TRPV5 expression is also very 429 specific, it starts with highest density immediately after the mitochondrial region and gradually 430 decreases towards the tapering end of the tail. Such prominent expression of TRPV5 in duck sperm 431 tail can be strongly correlated with the motility functions performed by the tail region.
432
Similarly, we demonstrate that TRPV6 is also present in the duck sperm. TRPV6 is 433 localized throughout the duck sperm, however among all TRPV channels tested in this work, the 434 expression of TRPV6 is quite low. Recent reports suggest that mutations rendering inactivation of 435 TRPV6 or excision of the pore-forming region and the complete cytosolic C terminus of TRPV6
436
(thus rendering it non-functional) leads to infertility in male mice [36] [37] . Both these studies have 437 reinforced that TRPV6-mediated decrease in the extracellular Ca 2+ concentration near the distal 438 epididymal duct is essential for the acquisition of physiological functions and survival of mice 439 spermatozoa. If the role of TRPV6 remain same in duck sperm too, then TRPV6 could be a major 440 factor controlling duck sperm fertilization ability. Taken together, we demonstrate the endogenous 441 expression, distinct localization and compartmentalization of thermosensitive and Ca 2+ -selective 442
